To assess the pro-angiogenic activity of Euphorbia tirucalli, commonly known as "avelós" plant, we performed a series of tests by applying an aqueous E. tirucalli latex solution (10 mg/mL) to the chorioallantoic membranes (CAMs) of 80 fertilized chicken eggs incubated in a temperature-and humidity-controlled automatic incubator. The results indicated that the aqueous latex solution increased vascular network formation compared to that with the negative control (p < 0.05) and the inhibitor control (p < 0.05). This suggests that under the experimental conditions tested, the aqueous latex solution induced an inflammatory response leading to neoangiogenesis.
Introduction
Angiogenesis is defined as the formation of new blood vessels from pre-existing capillary vessels, involving a series of coordinated events: proliferation of endothelial cells, migration of cells to distal points, cell realignment, vessel formation, and production of a new basement membrane (Folkman, 1976; Folkman and Ingber, 1992) . It occurs in physiologic processes such as menstruation, ovulation, and wound healing. In the heart in particular, angiogenesis promotes vascular ramification of coronary vessels, increase in blood flow, and cardiac contractility. Angiogenesis also occurs in pathological processes such as chronic arthropathy, psoriasis, diabetic retinopathy, tumoral growth, and metastasis dissemination (González et al., 2000; Safatle et al., 2002; Folkman, 1976 Folkman, , 2004 .
To date, diverse studies have been conducted with the aim of finding substances that can induce angiogenesis, since the possibilities of clinical application of these substances in myocardial vascularity and the central nervous system are extensive, after injury or ischemia, partial replacement of large arteries, and even in wound healing (Krupinski et al., 2003; Slevin et al., 2005) .
Medicinal plants and substances extracted from them have been used for thousands of years, fostering the prevention and treatment of disorders and dysfunctions in humans (Farnsworth et al., 1985; Ortêncio, 1997 (Juárez et al., 2000; Choi et al., 2002; Wang et al., 2004; Melo-Reis et al., 2010) .
Euphorbia tirucalli Linnaeus 1753, of the family Euphorbiaceae, originally from Africa and introduced in Brazil, is commonly known as "avelós," and produces a type of latex that has been used in various ways in the treatment of diseases (Gurib-Fakim, 2006) . Generally, latex is indicated for both prevention and treatment of malignant neoplasias (leukemia, skin cancer, and digestive tract cancer), and is also used as an immunomodulator, a healing agent, and in diabetes treatment (Ortêncio, 1997) . Some studies performed using other species from the genus support the antitumor and angiogenic activity observed (Kupchan et al., 1976; Schroeder et al., 1980; Hubert and De-Thé, 1982; Yan et al., 2008) .
Since popular use of medicinal plants provides evidence of biological activity, proper scientific research using adequate experimental models is necessary to validate the therapeutic use of these plants, or even to contribute to the formulation of a new drug (Heinrich and Gibbons, 2001) .
In the present study, we aimed to assess the angiogenic activity of E. tirucalli latex by using the chicken embryo chorioallantoic membrane assay.
Material and Methods

Latex extraction from E. tirucalli
Latex from E. tirucalli was collected in the Laboratory of Experimental and Biotechnological Studies of the Master in Environmental and Health Sciences of the Pontifical Catholic University of Goiás (LEB/MCAS -PUC Goiás) (-16° 40' 32.79", -49° 14' 38.58") , identified by Dr. J. A. Rizzo from the Institute of Biological Sciences of the Federal University of Goiás (ICB -UFG), and deposited at the UFG Herbarium (exsiccate number, 47797). Latex was extracted by excision of the trunk of a specimen sample and was collected with a semi-automatic pipette. The latex was immediately weighed and transferred to a sterile glass container with distilled water. The initial amount was 0.1 mL of pure latex, corresponding to 100 mg. The sample was diluted in 9.9 mL distilled water to a final concentration of 10 mg/mL, which was consistent with the concentration used in the pilot study for toxicological evaluation. The prepared material was stored at 4 °C for a maximum of 30 days (Mendonça, 2004; Mrué, 1997) .
Evaluation of pro-angiogenic activity using the chorioallantoic membrane assay
Fertilized chicken eggs
We used 80 fertilized eggs obtained from Rhoss breed chicken (Gallus domesticus) from the Department of Animal Science of the Pontifical Catholic University of Goiás.
Drugs and Reagents
The following drugs and reagents were used in this study: sterile distilled water (Halex Istar Indústria Farmacêutica), dexamethasone (4 mg/mL, Aché Laboratórios Farmacêuticos; batch number, 2668), latex biomembrane (Biocure, Pele Nova Biotecnologia; batch number, 04080100), formaldehyde 37% (Rioquímica Ltda; batch number, 0402296), paraffin (Petrobrás), hematoxylin-eosin (HE) staining kit (Doles reagentes).
Experimental design
Angiogenic activity was tested using the chorioallantoic membrane (CAM) assay. Briefly, fertilized chicken eggs were incubated at 38 °C and 65% humidity in an automatic incubator and moved laterally every 15 min for the first 5 days of incubation. In this assay, the first day of incubation is considered to be the start of embryonic development. At the end of the incubation period, a circular hole (1.0 cm in diameter) was made using a micro-drill in the blunt end of the eggs, the region that contains the air sac. Then, the eggshell in that area was removed to expose the vascularized CAM. The circular hole was sealed with transparent tape and the eggs were further incubated without periodic movement with the holes turned upwards (Figure 1a) .
After 13 days of incubation, filter paper discs (0.5 cm in diameter) impregnated with 3 μL diluted E. tirucalli latex solution (test solution), sterile distilled water (negative control), 1% dexamethasone (inhibitor control), or Biocure Biomembrane (inducer control, having the same diameter as that of the filter paper discs) were directly deposited over the membrane in 20 eggs per group, carefully to prevent rupture or death of the embryo (Figure 1b) . The eggs were incubated until day 16, after which they were removed from the incubator and the CAM was fixed in 10% paraformaldehyde solution for 10 min (Staton et al.,2004) .
Image acquisition
A digital camera (Sony Cyber Shot 6.0 megapixel) coupled to a light microscope was used for CAM imaging. In this system, the selected pixels are proportional to the degree of CAM vascularization, with a 640 × 480 pixel resolution and 24-bit RGB, according to the protocol established by Mendonça (2004) . The images of newly formed CAM vascular networks were processed and quantified with the Gimp for Windows program (version 2.0.5) to better visualize the blood vessels. Image analysis was performed with Image J (version 1.28), which enables the separation of intensity degrees over intervals, and thus allows the isolation and quantification of pixels corresponding to blood vessels.
Histological analysis
The CAMs and their newly formed vascular networks were fixed in 10% paraformaldehyde solution and later embedded in paraffin. Each paraffin block was sectioned with a Spencer micrometer at a thickness of 5 μm. Next, the sections were stained with HE for light microscopy analysis. Images were acquired with a digital camera coupled to the microscope using a Pinnacle Studio AV/DV Deluxe capture board.
Statistical analysis
The angiogenic activity of E. tirucalli latex was analyzed by comparing the relative CAM areas between the different treatment groups and controls. The differences between independent samples were compared with the Kruskal-Wallis non-parametric test followed by the Dunn method for group comparisons. The analyses were performed with the BioEstat program (version 5.0 for Windows) and p values less than 0.05 (p < 0.05) were considered statistically significant (Ayres et al., 2007) .
Results
The results obtained from the newly formed vascular network were analyzed using two different methods. In the first method, we calculated the percentage of area and compared the vascular network of the controls and test. In the second, we conducted a histological analysis of the newly formed vascular network.
Compared to the negative control (p < 0.05) and the inhibitor control (p < 0.05) groups, the groups treated with the E. tirucalli latex aqueous solution showed increased neoangiogenesis. The mean area and standard deviation of the CAM vascular network in the E. tirucalli latex test group and negative control group were 46.3 ± 3.8 and 31.8 ± 3.0, respectively. The average CAM vascular network area in the inducer control group (51.3 ± 3.9) was not significantly different from that in the E. tirucalli latex test group (p > 0.05). However, a significant difference (p < 0.05) was observed between the inducer control and the negative control groups. The E. tirucalli latex aqueous solution and the biomembrane (Biocure) significantly increased vascularization (p < 0.05). The percentages of CAM vascularization in the different sample groups are shown in Table 1 . In addition, CAM vascularization in the inhibitor control group (11.6 ± 1.9) was significantly different from that in the negative control group (p < 0.05).
Digital images of the vascular network in the different controls and those of the vascular network in the test solution-treated group (treated with negative and inhibitor controls), showed a larger newly formed vascular network in the CAMs treated with latex ( Figure 2) .
The results of the histological analysis of the different controls and of the group treated with the plant latex are in agreement with the findings observed on the digital images. A marked inhibition in blood vessel formation was observed in the inhibitor control (dexamethasone) group, because these samples have low levels of vascularization and disorganized endothelial cells (Figure 3a and b) . The positive control group (Figure 3c and d) and the E. tirucalli latex group (Figure 3e and f) showed a considerable increase in neoangiogenesis with a rich and organized vascular network as well as inflammatory cell infiltration.
Discussion
Medicinal plants are commonly used for therapeutic purposes in traditional medicine, and a variety of plants with potential pharmaceutical properties that are found in Brazil contribute to an increased consumption of phytotherapeutic products (Gurib-Fakim, 2006; Castro et al., 2004) .
Plants belonging to the Euphorbiaceae family, in particular the Euphorbia genus, have shown different biological activities, including angiogenic activity, in different experimental models (Zhang et al., 2008 ; The CAM assay is used as an "in vivo" model to study the angiogenic activity of various substances such as growth factors, cytokines, hormones, and transplanted tissues (Zwadlo-Klarwasser et al., 2001 ). In addition, drug toxicity can be tested with the CAM assay through the assessment of embryonic lethality or deleterious effects to the CAM, including inflammation and neoangiogenesis (Vargas et al., 2007) . Compared to other available methods, the CAM assay has advantages such as affordability, and the fact that this procedure does not require ethics approval (Ribatti et al., 1996) .
Our results showed that treatment with 10 mg/mL E. tirucalli latex aqueous solution increased CAM vascular network area. Observations similar to those of our study have been reported in previous studies using other species belonging to the Euphorbiaceae family (Melo-Reis et al., 2010; Mendonça, 2004; Mrué, 2000) . Latex from Hevea brasiliensis (rubber tree) increased angiogenic activity and promoted esophagus regeneration in dogs (Mrué, 1997) . Further, H. brasiliensis latex membrane induced neoangiogenesis in the cornea of rabbits (Mrué, 2000) . The same material was used for partial substitution of the pericardium in dogs, and the results showed pericardial regeneration (Sader et al., 2000) . In addition, H. brasiliensis latex membrane was used in a myringoplasty and allowed tympanum regeneration (Oliveira et al., 2003) .
Latex from plant origin is toxic and consists of a mixture of organic and inorganic compounds, waxy material, proteins, and enzymes, which have important physiological roles (Rajesh et al., 2006) , as well as roles in defending the plant against invading microorganisms, insects, and animal predators (Castro et al., 2004) . Thus, the pro-angiogenic activity of the latex observed in the CAM assay was probably caused by an inflammatory response because of the latex toxicity, albeit diminished by dilution with distilled water, which led to the migration of neutrophils and macrophages to the site of inflammation (Vargas et al., 2007) .
Inflammatory cells are important activators of neoangiogenesis through the production of cytokines, interleukins (IL-1, IL-2, and IL-8), vascular endothelial growth factor, and platelet activator factor. These are cell-specific growth factors that have important roles in the activation and propagation of the inflammatory response, which eventually lead to the growth of pre-existing capillaries and neoangiogenesis in the CAM (Zijlstra et al., 2006) .
We analyzed the CAM vascular network in fertilized chicken eggs through the quantification of the percentage of vascularization, histological analysis, and digital imaging. Our results showed that E. tirucalli latex led to the activation of the inflammatory response and formation of new blood vessels, which suggests that E. tirucalli latex may have a potential for clinical applications. All the results were compared to control groups with the Kruskal-Wallis test followed by a multiple comparison procedure. *Groups without significant differences among themselves (p > 0.05). 
